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Abstract

Elevenchildrenwith earlyfocallesionswerecomparedvith 70 age-matchedontrolsto assess
their performancen repeatingnonwords, in learningnew words,andin immediateserialrecall,
atriad of abilitiesthatarebelievedto sharesomeaspectof underlyingprocessinge.g.,Badde-
ley, Gathercole& Papagno,1998). Resultsfor the experimentalgroupwerealsocomparedwith
otherassessmentsreviously reportedfor the samechildren by MacWhinng, Feldman,Sacco,
andValdes-Ferez(2000). Thechildrenwith braininjury shavedsubstantialmpairmentrelative to
controlsin theexperimentatasks,in contraswith relatvely unimpairedpoerformancen measures
of vocalulary andnorverbalintelligence.Therelationshipsbetweerword learning,nonword rep-
etition, andimmediateserial recall were similar to thoseobsened in several other populations.
Theseresultsconfirm previous reportsthatthereare persistenprocessingmpairmentsollowing
earlybraininjury, despitedevelopmentaplasticity They alsosuggesthatwordlearning,nonword
repetition,andimmediateserialrecall may be relatvely demandingasks,andthattheir relation-
shipis afundamentahspecbf the cognitive system.



Gupta, MacWhinney, Feldman, & Sacco, PhonologicaMemory & Vocahilary Learning 3

Phonological Memory and Vocabulary Learningin Children with Focal
Lesions

Learningthevocalulary of anative languages oneof themostimportantdevelopmentaprocesses
achild needgo undego. A variety of evidencenow suggestshathumanvocalulary acquisition
processeandaspectof humanverbal short-termmemorymay be related. In children, reliable
correlationshave beenobtainedbetweendigit span,nonword repetitionability, and vocaklulary
achiezement,evenwhenotherpossiblefactorssuchasageandnonverbalintelligencehave been
factoredout (e.g.,Gathercole Baddelg, 1989; GathercoleWillis, Emslie,& Baddelg, 1992).
Nonwordrepetitionability hasbeenshown to beanexcellentpredictorof languagdearningability
in childrenlearning English as a secondlanguage(Service,1992; Service& Kohonen,1995),
andis also associatedvith more rapid learningof the phonologyof new words by childrenin
experimentalttasks(Gathercole& Baddelg, 1990b;GathercoleHitch, Service,& Martin, 1997,
Michas& Henry, 1994).1n addition,similar relationshipdetweertheseabilitiesappearto holdin
adults(Gupta,2001;Papagno)Valentine,& Baddelg, 1991;Papagna& Vallar, 1992). Thusthere
is now aconsiderabldody of evidenceto suggesthatword learning,immediateserialrecall,and
nonword repetitionarea relatedtriad of abilities (Baddelg et al., 1998; Gathercole Baddelg,
1993).An emepgingview of thisrelationshipgs thatimmediateserialrecallandnonwordrepetition
arebothtaskghatdrav onthemechanismsf verbalshort-termmemoryfairly directly, andthatthe
learningof new wordsis alsoin someway supportedy verbalshort-termmemory(e.g.,Baddely
etal.,1998;Brown & Hulme,1996;GathercoleService Hitch, Adams,& Martin, 1999;seealso
Gupta(1996;Gupta& MacWhinngy, 1997)for arelatedbut somevhatdifferentview).

The studiescited above provide evidenceaboutthe relationshipbetweertheseabilitiesin nor-
mally developingchildrenandin normaladults. It hasalsobeenfound thatimpairmentof these
abilities co-occursin children diagnosedas having specificlanguageimpairment(SLI) not at-
tributableto neurologicaldeficit (Gathercole% Baddelg, 1990a). It alsoappearghatthereis a
populationof neuropsychologicallympairedpatientsin whom languaggunctionis largely pre-
sened, but who exhibit selectve deficitsin immediateserialrecallandin nonword repetitionand
word learningability (Baddelg, 1993;Baddelg, Papagno& Vallar, 1988). Additionally, the co-
occurrencef linguisticandverbalshort-termmemorydeficitsin adultaphasiciasbeennotedby
anumberof investigatorqe.g.,Safran, 1990; Shallice,1988). Therelationshipsetweenverbal
short-termmemoryabilitiesandthe linguistic processingf novel phonologicaformsthusappear
to bea fundamentabspecbf the humancognitive architectureholdingup asthey do evenunder
conditionsof delayedinguistic developmentin children,andunderneurologicainsultin adults.

Little is known, however, aboutthe impactof early neurologicalinjury on the developmentof
theseabilities. Previousstudiesof thedevelopmenbf languagen childrenwith earlyfocallesions
suggesthatthereis a generallyfavorableprognosidor languageacquisitionthatis nevertheless
accompaniedby selectve deficitsor delays,especiallyin the morecomplex aspectf language
processinge.g.,Aram, Ekelman,Rose,& Whitaker, 1985; Aram, Ekelman,& Whitaker, 1986;
Lennebeg, 1967;MacWhinng etal., 2000;MarchmanMiller, & Bates,1991;Thal, Marchman,
Stiles, Trauner Nass,& Bates,1991). No previous studieshave specificallyexaminedthe impact
of earlylesionson vocalulary learning,nonword repetition,andimmediateserialrecall. Thuson
the onehand,we might expectthe plasticity of the developingbrainto compensatéor theinsult,
leaving little deficitin theseabilities; on the otherhand,perhapgheseabilities would be among
thosemanifestingdelayand/orimpairment.
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The importanceof this questionlies in its implicationsfor the natureof the processinghat
underliegheseabilities. If theseabilitiesarenot significantlyimpactedoy earlyinjury, thiswould
suggesthatthey arerelatively easytasksand/orthat the functionality of the underlyingmecha-
nismsis relatively amenabléo reoiganizationthroughdevelopmentablasticity. If theseabilities
are significantlyimpactedby early injury, this would suggesthatthey arerelatvely demanding
tasksand/orthattheunderlyingprocessindunctionalityis not easilyachiezedthroughneuralreor
ganization Additionally, if therelationshipbetweertheseabilitiesis indeeda fundamentahspect
of cognition,thenevenfollowing earlyinjury, we would expecttheserelationshipgo be similarto
thoseobseredin the variety of populationscited above. Sucha finding would have two possible
interpretations.First, thatthe abilities are subsered by brain areasthat are uniformly sparedor
damagedy lesions. Secondthatthey arelogically andecologicallydependentif anareawere
damagedhatimpactedoneof theseabilities, reoiganizationwould occugy new territory for that
ability anddragthe othertwo with it. Onthe otherhand,afinding thatthe relationshipetween
theseabilitiesdonotholdfollowing earlybraininjury would suggesthattheseabilitiesmighthave
reolganizedn waysthatnolongersharedrocessingomponentsn the samemanneysuggesting
thattheir relationshipmight not be sucha fundamentahspecof cognitive architecture.

The presentwvork soughtto shedlight on thesequestiondy administeringestsof vocahulary
learning,nonword repetition,andimmediateserialrecallto two groupsof childrenaged5 through
10. Onegroupof 11 childrenhadsufferedperinatalbraininjury thatresultedin focal lesions;all
but two of the lesionswereto the left hemisphere.The secondgroup consisteddf age-matched
controls.Theexperimentalgroupof childrenwerepartof alarge-scalenvestigationptheraspects
of whichwerereportedn MacWhinneg etal. (2000). It wasthereforepossibleto compareresults
from the presentinvestigationswith a broaderprofile of resultsthat hasbeenestablishedor the
samechildren.

Method

Participants

Experimental group. The participantsverell childrenagesb through10, who wererecruited
throughreferralsfrom local hospitalsrehabilitationcentersandpreviousresearclstudies All ex-
ceptoneof thisgroup(JL) alsoparticipatedn the studiesdescribedn MacWhinneg etal. (2000).
Neurologicainformationwasavailablein theform of MRI scandor all children;neurologicapro-
files aresummarizedn Tablel. Furtherinformationaboutthe MRI scansheurologicalprofiles,
anddemographicharacteristicss providedin MacWhinng etal. (2000).

Control group. Seventychildrenrangingin agesrom 5 throughl0yearswererecruitedio sene

ascontrols. 10 of the childrenwereaged5, 11 wereaged6, 14 wereaged7, 13 wereaged8, 12

wereaged9, and 10 wereaged10. All of the control childrenwere functioningat gradelevel.

They wererecruitedfrom parochialand privateschoolsin the greaterPittskurgh area,aswell as
from adwertisementsThey weretestedeitherat their schoolsor in the Departmenbf Psychology
atCarngyie Mellon University Parentalconsentvasobtainedfor all participants.
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CODE | AGE | DESCRIPTION OF LESION |

STEW 5 | Tissuelossalongthe left centralsulcusinvolving the posteriorleft frontal
cortex andanteriorleft parietalarea.

ELS 6 | Smalllesionin theleft parietalwhite matter

JL 6 | Righthemiparesiswith damageo left frontal corticaltissue.

JOR 6 | Damageto left dorsolateraprefrontalcortex and nearbyareas,including
Brocas area;enlagedleft ventricle.

DUP 7 | Enlagementof bothlateralventricles,L > R. Reductionin white matterin
left periventriculamregion, in theareasanteriorandposteriorto theventricle.

RYB 7 | Left lateralinferior frontalloss,affecting Brocas areaanddorsolaterapre-
frontal cortex; enlagementof left lateralventricle, probablecompensation
for volumeloss.

MAM 7 | Enlagementof left ventricle centrally with thinning of left white matter
(coronaradiata,centrumsemiovale,corpuscallosum.

DAC 8 | Enlagemenf theleft lateralventricleengulfingmostof parietalandmuch
of occipital lobe. A thin parietalmantleremains,alongwith a somevhat
largeroccipitalmantle.Someenlagementof right lateralventricle.

KAM 10 | Left lateral/posterior/inferiofrontal loss,adjacento insula,sparingmotor
strip; left lateral/anterioparietallossandsomelossof theleft insula.

DES 10 | Enlagementof the left ventricle. White matterloss underneathhe entire
left cortex, with someretrogradevhite matterloss.

TID 10 | Enlagementbof theleft lateralventricleinto posteriorcorticalareas.

Table1: Neurologicalprofilesof childrenin the experimentalgroup,asreportedn MacWhinng
etal. (2000),exceptfor JL.

Experimental measures

Immediate serial recall. Onetoken of eachof the digits onethroughnine spolenby a female
native spealer of AmericanEnglishwasrecordedasdigitizedsoundon anApple PoverMacintosh
computer Randomsequencesf thesetokenswere generatedyarying in lengthfrom two digits
to elevendigits. Eachdigit sequencevaspresenteauditorily undercomputercontrol. Onetrial
consisteaf presentatiof onesequencef aparticularength. For example, onetrial atlist length
four consistedf auditorypresentatiof a sequencef four digits suchasthreg eight,two, five

Therewereb5 trials at eachlist length. Presentationf lists startedwith sequencesf two digits.
Participantswvereseatedacingthescreen After presentatiof eachdigit sequencearectangular
answerbox appearedn the screenwith a questionmarkin it. Participantswere instructedto
repeatthe sequencerally assoonasthe answerbox appearedn the screen. The participants
responsevastypedin by the experimenterandappearedn the answerbox on the screen.The
experimenteccompletecenteringtheresponsdy pressinghe carriagereturnkey onthecomputer
keyboard ,whichinitiatedauditorypresentatiomf the next digit sequencelf aparticipantrecalled
in correctserialorderthreeor moreof thefive sequenceat a particularlist length,the next higher
list lengthwasintroduced.The longestlist lengthfor which a participantcorrectlyrecalledthree
or moresequencewastakenasthe measuref thatparticipants digit span.
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Nonword repetition. We used2-syllable,3-syllable,and4-syllableswvord formstakenfrom the
Childrens’Testof Nonword Repetition(CNRep;GathercoleWillis, Baddelg, & Emslie,1994).
Thistestwasdevisedspecificallyfor usewith children,andformedthebasisof the studieghatfirst
reporteccorrelationdetweememoryspannonwordrepetition,andvocalularyability in children
(e.g.,Gathercole& Baddelg, 1989; GathercoleWillis, Emslie,& Baddelg, 1991b). However,
we decidednot to usethe 5-syllableword formsin the CNRep,in view of the anomalousesults
reportedat this nonword length (Gathercoleet al., 1994). The nonwordsin our adaptatiorof the
CNRepwere recordedas digitized soundon an Apple PaverMacintoshcomputerby a female
native spealer of AmericanEnglish. Stimuli were presentedy computer and all participants
listenedto the stimuli on headphonesEachnonword was spoken twice, and participantswere
instructedto repeatevery nonword stimulusafter hearingit the secondtime. The experimenter
ratedeachrepetitionascorrector incorrect.

Word learning. To obtaina measureof word learningability, we presentegarticipantswith
nonword-picturepairs. This wasfollowed by cuedrecall,in which the picturesenedasthe cue,
andparticipantswvereaskedto recall the nonword with which the picture hadbeenpairedduring
presentationThiswasmeantto approximatehetaskof wordlearning,in whichtherepresentation
for anovel word form mustbecreatecandboundto a semantic®r othercontextual representation.

Participantswere presentedvith nonwordsauditorily. Presentatiorof eachnonword wasac-
companiedby the picture of an unfamiliar object. Therewere nine nonword-picturepairs. The
nine nonwords consistedof three 2-syllableword forms, three 3-syllableword forms, andthree
4-syllableword forms. Presentatiomvasblockedin groupsof three,sothatparticipantsvould not
haveto learnall ninepairsin onetrial. Stimuluspairswerechoserto minimize stimulussimilarity
for the stimuli at ary givenword length. However, it wasdifficult to ensurethat all nine pairs
werecompletelydistinctfrom eachother For this reasonthe blocking variablechosenvasword
length: within a block, stimuluspairswould bedistinctandthereforenon-confusable.

Thenonword-picturepairsusedareshonn in Figurel. Eachnonwordwasrecordedasdigitized
soundon an Apple PoverMacintoshcomputerby a femalenative spealer of AmericanEnglish.
All participantslistenedto the stimuli on headphonesyith a uniform playbackvolume for all
participants.The pictureswereall of real but unfamiliar objectswhich participantsvereunlikely
to know or have anamefor. Unfamiliarity of the picturedobjectswasconfirmedby informal pilot
testingprior to the actualexperiment.

Theprocedurdor presentationvasasfollows. Eachnonword-picturepairwaspresentedinder
computercontrol. Eachnonword wasrepeatedwice. Participantsweretold thatthe word forms
they heardwere the “names” of the picturedobjects,and that they wereto learnthesenames.
The picture appearedn the computerscreensynchronouslywith onsetof the first repetitionof
the nonword. The secondrepetitionof the nonword occcurredl800ms. after onsetof the first
repetition.A fixation crossreplacedhepicture1500ms. afteronsetof the secondepetitionof the
nonword. Thusthe picturewasdisplayedon the screenfor 3300ms., during which the nonword
waspresentedwice, auditorily. Participantswereinstructedto repeatthe word form they hadjust
heard,assoonasthefixation crossappearean thescreenThefixation crossstayedonthescreen
for 1500msec,at the endof which presentatiorf the next nonword-picturepair began. To make
thetasklessdifficult, especiallyfor the child population,it wasdecidedto presenthe nine pairs
in blocksof three. It wasalsodecidedto presenthe shortesinonwordsfirst, sothat participants
could begin the taskwith the easier2-syllablewords; this seemedarticularlyimportantfor the
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Figurel: Nonword-picturepairsusedin word learningtask.

child population.For bothof thesereasonspresentatiof the nonword-picturepairswasblocked
by nonword length. Thustherewere threenonword-picturepairs at eachlength (2-syllable, 3-
syllable, 4-syllable),and all the pairsof a particularlength were presentedn one block. This
procedurehad the further advantageof preventing participantsfrom usingnonword lengthasa
recallaid. Presentatioorderof pairswithin eachblock wasrandomwithout replacement.

Cuedrecallfollowed presentatiorof the threestimuluspairsin eachblock. Participantswere
presentedwith picturesfrom the immediately precedingnonword-picture pairs, and were in-
structedto respondby sayingthe “name” of the picturedobjectout loud. Pictureswereselected
randomlywithout replacementfrom the setof threepairsin eachblock. Eachpicture cuewas
displayedfor 1500 ms., during which the participantwas supposedo nameit. The screernwas
masled for 1000 ms. beforepresentatiorof the next picture cue. Presentatiorof pictureswas
controlledby the computer

This procedurevasrepeatedive timesfor eachblock of nonword-picturepairs. Whenthefive
cyclesfor oneblock of threenonword-picturepairs were completethe next block of pairswas
introduced.
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Standardized tests

As describedn MacWhinng etal. (2000),anumberof standardizedneasuresvereadministered
to eachexperimentalparticipant. 1. The Leiter InternationalPerformanceScale(Leiter, 1979)
is anuntimedtestthatprovidesa culture-free non-verbalmeansof assessingeneraintelligence
basedn primarily abstractonceptsThistesthasanormof 100andastandardleviation of 15. 2.
The PeabodyPictureVocalulary Test-Reised(PPVTFR; Dunn& Dunn,1981)is anuntimedtest
of receptve vocalulary that measures participants hearingvocalulary for StandardAmerican
English. Thetesthasa meanof 100 anda standarddeviation of 15. 3. The Clinical Evaluation
of LanguageFundamentals-Resed (CELF-R; Semel,Wiig, & Secord,1987)is a standardized
measureof languagefunctioning that diagnosesanguageskill deficitsin school-agecthildren,
andconsistsof several subtestsfor eachof which normsareprovided. Eachsubtesthasa mean
of 10 and standarddeviation of 3. The CELF-RS (Recalling Sentences)s an expressve test
that assessethe ability to recall andreproducesentencesurfacestructureof varying lengthand
syntacticcomplity. The CELF-FS (Formulating Sentencesijs an expressve testthat asseses
the ability to formulatesimple, compound,and complex sentence$rom words provided by the
examiner The CELF-OD (Oral Directions)is areceptve testthatassessethe ability to interpret,
recallandexecuteof oral directionsof increasingengthandcompleity.

Results and Discussion

Scoreson thethreeexperimentaltasksareshowvn in Table2. The upperpanelof the tableshovs
performanceon word learning.Eachexperimentalgroupparticipants raw scoreis shavn, aswell
asthe standardizedcore(z-score)with respectto the relevantage-matchedontrol group. The
middle panelshavs the sameinformationfor the nonword repetitiontask,andthe bottom panel
providesthis informationfor immediateserialrecall.

The standardizedcoresshaw, for eachmeasurehow mary standarddeviationsfrom the age-
matchedcontrol group meaneachexperimentalgroup participants performancdies. Eachpar
ticipant’s performanceon eachtestwas evaluatedin two ways. First, we examinedwhetherthe
subjects z-scorefell within +1.645 of the controlgroupmean.This correspond$o a 90% confi-
denceinterval aroundthe control groupmean;we usedthis (ratherthana 95% interval) because
we wishedto identify thosescoreghatfell in the lowest5% of the distribution definedby control
group performance.Secondwe examinedwhetherthe participants scorefell within the actual
rangeof scoresobtainedfor the control subjects.Performancevasconsideredo be unimpaired
on a particulartestif it meteitherof thesecriteria. Scoresthat failed both of thesecriteriawere
consideredo bein theimpairedrange andaremarkedwith anasteriskin the Table.

As canbe seen the experimentalgroup’s performanceexhibits impairmenton several of the
measuresof the 33 scores(comprisedof 11 participants’'scoreson eachof threemeasures)19
fall within theimpairedrange.Of these six arein word learning,sevenarein nonword repetition,
andsix arein immediateserialrecall. This providespreliminaryindicationthatneurologicalnsults
in childrendoleadto deficitsin performanc@nword learning,nonword repetition,andimmediate
serialrecall,asthey doin adults.

Figure2 plotstheseresultsanddisplaysregressiorinesfitted to the controlandexperimental
groupsfor eachmeasure.For word learning, we seethat the performanceof the experimental
groupis substantiallylower thanthat of the control groupat all ages. However, scoresmprove
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CONTROL GROUP PARTICIPANT
Participant| Age | Mean | SD | Raw Score| z Score
WORD LEARNING
STEW 5| 9.600 7.947 5.000| -0.579
ELS 6 | 20.273 8.101 14.000| -0.774
JL 6 | 20.273 8.101 4.000| *-2.009
JOR 6 | 20.273 8.101 3.000| *-2.132
DUP 7 | 15.500 3.798 8.000| *-1.975
RYB 7 | 15.500 3.798 4.000| *-3.028
MAM 7 | 15.500 3.798 8.000| *-1.975
DAC 8 | 18.154 4,598 13.000| -1.121
KAM 9| 18.333 7.190 13.000| -0.742
DES 10| 21.300 5.165 6.000| *-2.962
TID 10| 21.300 5.165 17.000| -0.833
NONWORD REPETITION
STEW 51 19.444 4,558 10.000| *-2.072
ELS 6 | 22.546 3.417 16.000| *-1.916
JL 6 | 22.546 3.417 13.000| *-2.794
JOR 6 | 22.546 3.417 8.000| *-4.257
DUP 7| 21.643 1.823 19.000| -1.450
RYB 7 | 21.643 1.823 16.000| *-3.095
MAM 7| 21.643 1.823 18.000| *-1.998
DAC 8 | 23.769 2.351 23.000| -0.327
KAM 9| 22.417 2.021 20.000| -1.196
DES 10 | 24.000 2.261 17.000| *-3.096
TID 10 | 24.000 2.261 26.000( 0.885
IMMEDIATE SERIAL RECALL
STEW 5| 3.300 0.949 2.000| -1.370
ELS 6| 4.182 0.405 4.000| -0.449
JL 6| 4.182 0.405 2.000| *-5.394
JOR 6| 4.182 0.405 2.000| *-5.394
DUP 7| 4.357 0.633 3.000| *-2.143
RYB 7| 4.357 0.633 3.000| *-2.143
MAM 7| 4.357 0.633 4.000| -0.564
DAC 8| 5.308 0.480 4.000| *-2.722
KAM 9| 4.917 0.669 4.000| -1.371
DES 10| 5.600 0.699 3.000| *-3.719
TID 10| 5.600 0.699 5.000| -0.858

Table2: Performancen experimentalmeasuresWord Learning,Nonword Repetition,andIm-
mediateSerialRecall
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with agein both groups. The overall trend with ageis very similar for the two groups,with
essentiallyparallelregressionlines. Thusthe experimentalgroup’s relatve impairmentin word
learningappeardo persistover this agerange,and doesnot shov improvementwith respecto
controls.

In nonword repetition,the experimentalgroup’s scoresaresubstantiallylower thanthe control
group’s at the youngerages,but shov a much steeperimprovementthan thoseof the control
group, catchingup with control group performanceat the older ages. The experimentalgroup’s
impairmentin nonword repetitionthusappearso remitoverthis agerange asaresultof markedly
greateimprovementn thisabilty thanoccursin controls.Thisis alsoapparenfrom theregression
lines,which convergeataboutagelO.

For immediateserialrecall, the pictureis very similar to thatfor word learning. The perfor
manceof the experimentalgroupis substantiallyjower thanthat of the controlgroupat all ages;
scoresimprove with agein both groups,and the overall trend with ageis very similar for the
two groups,with almostparallel regressionlines. Thus, asin word learning,the experimental
group’simpairmentin immediateserialrecallappeargo persistover this agerange,not shoving
improvementrelative to controls. Theresultsfor immediateserialrecall mirror thosereportedby
MacWhinng etal. (2000)usinga slightly differenttestof immediateserialrecall.

Thustheresultssuggesafairly penasive impairmentin theexperimentalgroup’s performance
on word learning, nonword repetition,and immediateserial recall, althoughthe impairmentin
nonword repetitionremits by the end of the agerangewe examined. But do theseresultstruly
reflectimpairmentin the measuresxamined? Or are they rathermerely a reflectionof some
generalizedmpairmentin cognitive function? Furtherunderstandingf the presentresultscan
be obtainedby comparingthemwith resultsreportedoy MacWhinng et al. (2000). That study
obtainedmeasuregrom the sameexperimentalgroup on the standardizedestsdescribedearlier
(Leiter, PPVTR, andCELF), aswell ason a numberof reaction-timetasksdesignedspecifically
to testbasiconlineskills relevantto languageprocessing.

The upper panel of Table 3 summarizegperformanceon the experimentalmeasuresn the
presentstudy reproducingthe z-scoresfrom Table 2 in a format that facilitatesidentificationof
eachchild’s profile of impairment. It is worth noting the wide prevalenceof impairmenton the
experimentalmeasures9 of 11 childrenwereimpairedon atleastoneof the measures{AM and
TID beingthe only exceptions.The lower panelshowns performanceon eachof the standardized
measuresadministerecby MacWhinng et al. (2000), exceptfor onechild (JL), for whom these
datawerenot available. To facilitate comparisorwith the experimentaltasks,scoreson eachof
thestandardizedestshave beencorvertedto z-scoreausingthe meanandstandardleviation pub-
lishedfor eachstandardizeaneasure As with the experimentalmeasuresscoreshatfell in the
lowest5% (i.e., z-scoreof lower than—1.645) wereconsideredo bein theimpairedrange,and
areindicatedwith anasterisk.

Whatis apparents thatthe childrens’nornverbalintelligenceandvocaklulary (asmeasuredy
the LeiterandPPVTR respectiely) aresolidly within the normalrange,with only onescoreon
eachmeasurdalling in theimpairedrange andwith themeanz-scoreseing—.113 for theLeiter,
and—.447 for thePPVTR. Thisis afindingthatMacWhinneg etal. (2000)alsonotedfor thelarger
groupof 20 children. Thusthefinding of substantiaimpairmenton the presenexperimentakests
of word learning,nonword repetition,andimmediateserialrecallis not simply a manifestatiorof
generalizedccognitive impairment;nor is it even a manifestatiorsimply of generalizedinguistic
impairment,asgaugedy the childrens’vocahularies.
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STEW ELS JL JOR DUP RYB MAM DAC KAM DES TID
Age 5 6 6 6 7 7 7 8 9 10 10 | MeanZ
WL-Z -579  -774 *2.009 *2.132 *-1.975 *-3.028 *1.975 -1.121 -0.742 *-2.962 -.833| -1.648
NWR-Z *2,072 *-1.915 *2.793 *4.257 -1.450 *3.095 *1.998  -327 -1.196 *3.096 .885| -1.938
ISR-Z -1.370  -.449 *5394 *5394 *2143 *2143  -564 *2722 -1.371 *3.719 -858| -2.375
LEITER-Z -.533 667 -467 1133 1.400 -533 -333 467 *2533 -400| -113
PPVTFZ -1.533 .067 -.600 533  -333  -.133 -1.267 -200 *1.667 .667| -.447
CELF-RS-Z | -1.333  -.333 *2.333  -333 -1.000 -1.000 333 -1.333 *1.667 1.000| -.800
CELF-OD-Z| -.333 *1.667 -1.333 *2.000  -.333 *2.333  -667 -.667 *2.000 .333| -1.100
CELF-FS-Z | -1.000 -1.000 *2.333 *2.333 -1.333 *2.000 -1.333 -1.333 *2.000 2.333| -1.233

Table 3: Experimentalgroup. Comparisorof z-scoresin performanceon experimentaltasksin
the presentstudywith z-scoresin performanceon a variety of standardizedests. Scoreson the
standardizedestswere previously reportedin MacWhinng et al. (2000), exceptfor one child
(JL), for whomthesedatawerenot available.

MacWhinng et al. (2000)further notedthat, in contrastto nearlynormalperformanceon the
LeiterandPPVTR, the 20 experimentabparticipantgperformedmorepoorly on thelanguagepro-
cessingtasksof the CELF This trend can also be seenin the resultsfor the presentsetof 10
children: the meanz-scoresare —.800, —1.100, and —1.233 for the CELF-RS,CELF-OD, and
CELF-FSrespectiely. MacWhinng et al. (2000) alsoreportedthat the childrenwith focal le-
sionsweremarkedly slowerthantheirrespectre controlgroupsonthevariousreaction-timeasks.
However, asthe controlgroupin the presentstudywasdifferent,andthe reaction-timemeasures
werenotadministeredo them,no comparisorcanbe madebetweerthe presenexperimentaland
controlgroupswith regardto thesemeasures.

MacWhinng et al. (2000) suggestedhat the CELF languageprocessingasksrequiredmore
comple online processinghanthe Leiter and PPVT-R, with the CELF-OD requiringa child to
store,elaborate and executea complex planto follow oral directions,andthe CELF-FSrequir
ing the child to apply syntactic,semanticandpragmaticabilitiesto composea complex sentence
structurebasedn thewordsprovided. They suggestethatthereaction-timetaskswerealsosuch
asto reveal underlyingprocessingleficits. To summarizetheir view, the performanceof the ex-
perimentalgroup as a whole reflectsadequatdanguageunction and adequateverall cognitive
function, but underlyingprocessingleficits exist neverthelessandarerevealedby tasksthatare
moredemanding.Taskdemandsnay arisefrom the compleity of the task,or from it beingbe-
ing moreconstrainedn its responseéequirementsThe CELF taskswould be anexampleof both
of thesetypesof taskdemand:for instancethe CELF-OD is more complex thanthe Leiter or
PPVT, it is alsomoreconstrainedrequiringa very specificplanto be executedwhereaghe L eiter
allows greaterflexibility in how the itemsarerespondedo. Taskdemandmay alsoarisein the
requiremenfor speedegrocessingasin the reaction-timetasks. We could furtherimaginethat
partof whatconstitutes'‘complexity” may be arequiremento engageverbalshort-termmemory
(seethe descriptionof the CELF tasksabove). Setagainstthis backgroundthe presentresults
suggesthatword learning,nonword repetition,andimmediateserialrecallarerelatvely demand-
ing tasks,eliciting performancehatis substantiallywealer thanperformanceon the measuresf
generahorverbalintelligenceandof vocalulary, andthatis wealer eventhanperformancenthe
subtask®f the CELF, asmaybe verifiedfrom examinationof themeanz-scoresn Table3.

Overall, our resultsthus far answerthe first questionwe wishedto addressjndicating that
word learning,nonword repetition,andimmediateserialrecall do exhibit substantialmpairment
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Presenexperiment
Gathercolestal. (5-10years)

Correlation Correlation be-

between 4yrs 5yrs 8yrs 13years|| tween Experimental| Control

Span& CNRep simplecorrelation 0.524T  0.6677 0.445¢ 0.3207 Span& NWR 0.891* 0.522**
agepartialled 0.828* 0.406*
age,norverbalpartialled 0.658°

Span& Vocab simplecorrelation 0.284® 0.376" 0.3557  0.450% Span& WL 0.898** 0.447*
agepartialled 0.870* 0.305¢
age,norverbalpartialled | 0.107  0.122  0.266¢ 0.390' 0.804*

Vocab& CNRep  simplecorrelation 0.4137  0.4197  0.284® 0.3907 WL & NWR 0.7987 0.657**
agepartialled 0.7521 0.615**
age,norverbalpartialled | 0.397"  0.387t  0.151  0.370% 0.600

@P <0.05
P <0.01

* P < 0.005
*»* P < 0.001

Table4: Correlationshetweemonword repetition,word learning,anddigit span: Comparisorof
presentresultswith developmentadatafrom Gathercoleet al. (1992, for ages4 through8), and
Gathercoleetal. (1999,for agel3).

in childrenwith earlyfocallesions andthatthisimpairments notmerelysecondaryo generalized
cognitive impairmentor to generalizedinguistic impairment. They alsoprovide insightinto the
natureof theseabilities, suggestinghatthe underlyingprocessingnechanismsnay be relatively
complex or demanding.

This leadsto the secondquestionwe wishedto address:is the relationshipbetweenword
learning,nonword repetition,andimmediateserialrecall similar to thatobseredin normally de-
velopingchildren,which is alsoobsenedin childrenwith specificlanguagampairment,andin
normal and neurologicallyimpairedadults? To examinethis issue,we determinedcorrelations
betweentheseabilities in the experimentaland control groups,and comparedhesewith corre-
lationsthat have previously beenreportedfor normally developing children. Table4 shows the
patternsof correlation,both simple and partial, betweentheseabilities in the experimentaland
controlgroupsandalsosummarizesievelopmentatesultsfor normallydevelopingchildren(e.g.,
Gathercoleetal., 1994).

Let usfirst considercorrelationgn the controlgroup. The simplecorrelationsveresomavhat
higher than thosereportedby Gathercoleet al. (1994). Correlationswere thereforeexamined
with age partialledout. Thesepartialled correlationswere lower than the simple correlations,
but remainedsignificant,andwerefor the mostpart similar to thosereportedin the literature. It
shouldbe notedthat the partial correlationspreviously reportedfactoredout ageand norverbal
intelligence whereaghe partial correlationswe reportfor our control groupwereafter factoring
outonly age,asno measuref nornverbalintelligencewasadministeredo this group. Thismaybe
onereasonwhy thepartialcorrelationgemainedsomavhathigherthanthosepreviously reported.

Turningto correlationsfor the experimentalgroup, it canbe seenthatthe simple correlations
arehighly significant;however, they arevery muchhigherthanin eitherthe presentontrolgroup
or the reporteddevelopmentatesults.To further examinetheseresults,we partialledout ageand
norverbalintelligence(as measuredy the Leiter), thus makingthe partial correlationscompa-
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rablewith thosepreviously reported. (For comparisonwith the control group,eachcorrelationi

salsoshovn with only agepartialledout). As shown, the partial correlationsbetweendigit span
andnonword repetition,andbetweendigit spanandword learningremainedsignificantevenwith

bothageandnorverbalintelligencepartialled. However, the the partial correlationbetweenword
learningandnonword repetitionwas marginally non-significan{p = 0.067), aresultthatis con-
sistentwith resultsreportedfor 8-yearolds (asshownn in the Table),andwith findingsin normal
adultpopulationdGupta,2001). Thepartialcorrelationgemainef greatemagnitudehanthose
previously reported.

It is importantto keepin mind, however, thatit is not the magnitudeof correlationsn them-
selesthatshouldbe of primaryinterest,but ratherthe overall patternof correlationsbetweerthe
measuresThis is becauseherearea numberof differencesn theway thatthe variousmeasures
were determinedn previous studiesas comparedwith the presentstudy First, the previously
reporteddevelopmentaktudiesreportedvocalulary measureswhereaghe presentresultsincor-
poratea measureof word learningperformance.(It shouldbe noted,however, that Gathercole
etal. (1997)examinedrelationshipsbetweendigit span,nonword repetition,and performancen
a simulatedword learningtaskwith 5-yearolds, andfound patternsof correlationsimilar to the
developmentatesultssummarizedbove). Secondthe measuresf nonword repetitionweredif-
ferent,beingbasedon the CNRepfor the childrenaged4, 5, and8 years(GathercoleWillis, &
Baddelg, 1991a;Gathercoleetal., 1992;Gathercolestal., 1994),andin the presenstudy but be-
ing basedon repetitionof pairsof nonwordsfor the 13-yearolds (Gathercoleetal., 1999). These
variousdifferencesndicatethatwe shouldnot expectto find identicalcorrelationsthe moresig-
nificantfinding is thatthe patternof simpleandpartial correlationdbetweerthethreemeasuress
similarto thatobtainedn normaldevelopment.Correlationsn thecontrolgrouparemostlywithin
therangeof developmentatorrelationghathave previously beenreportedandcorrelationsn the
experimentabroupremainsignificantevenwhenageandnorverbalintelligencearepartialledout,
asthey doin normally developingchildren.

Overall, therefore the presentresultsaddresghe secondquestionwe raised: it appearghat
despitethe braininjuries sufferedby the experimentalgroup,the patternof relationshipdetween
word learning,nonword repetition,andimmediateserialrecallare maintained andare similar to
thosethathave beenreportedn otherpopulations.

General Discussion

The studiesdescribechereprovide new information, both aboutthe impactof early braininjury
onword learning,nonword repetition,andimmediateserialrecall,andaboutthe patternof preser
vationandimpairmentof behaioral abilitiesin childrenfollowing early braininjury.

Regardingthe investigationof word learning,nonword repetition,andimmediateserialrecall,
the first questionwe addressedvas whethertheseabilities are significantly impactedby early
injury. Theresultsindicatethattheseabilities do exhibit substantiaimpairmentin childrenwith
early focal lesions,and that this impairmentis not merely secondaryto generalizedcognitive
impairmentor to generalizedinguistic impairment. They alsoprovide insightinto the natureof
theseabilities, suggestinghatthe underlyingprocessingnechanismsnay berelatively complex.
Furthermorethe finding of impairmentacrossa wide variety of lesionssuggestshatthis triad of
abilitiesplacesdemand®n adistributedneuralsystenthatis lik ely to beimpactedoy almostary
corticalinjury.
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Thesecondjuestionwe addressetvaswhethertherelationshipsbetweertheseabilitieswould
be similarto thoseobsenedin avariety of otherpopulationsjncludingnormally developingchil-
dren, childrenwith specificlanguageimpairment,normal adults, and adults with neurological
injury. Theresultssuggesthattherelationshipsetweerdigit spannonword repetition,andword
learningare similar to thoseobsened in the other populations,even underconditionsof early
braininjury. We notedin the introductionthat sucha finding might indicateeitherthatthe brain
regionsunderlyingtheseabilities had beenuniformly damagedy lesions,or that theseabilities
arelogically andecologicallydependenta possibilitythatis entirelyconsistentvith currentthink-
ing aboutthe phonologicaloop (e.g.,Baddelg etal., 1998). Giventhatthe lesionsin the present
experimentalgroupwerewidely varied,it seemsvery unlikely thatthe brainareassubservingm-
mediateserialrecall, nonword repetition,andword learningwere uniformly impairedacrossthe
group. We thereforesuggesthat the resultsare bestinterpretedasindicating that this triad of
abilitiesis logically andecologicallyinterdependentandthusas providing further evidencethat
therelationshipbetweertheseabilitiesis indeeda fundamentahspecbf cognition.

However, a cautionis in orderregardinginferencesaboutthe processingoasisof this rela-
tionship. It is importantto keepin mind that the mechanism®f verbal short-termmemorydo
not operateindependenthyof linguistic representationsr the lexical system. A variety of evi-
dencenow indicatesfor instance thatlong-termlinguistic knowledgesignificantlyimpactsper
formancan immediateserialrecallaswell asin nonwordrepetition(e.g.Gathercole1995;Hulme,
Maughang& Brown, 1991). Gupta(1995,1996; Gupta& MacWhinng, 1997)developeda com-
putationalmodel of verbal short-termmemoryand lexical processinghat offers an accountof
how performancef verbalshort-termmemorytaskssuchasimmediateserialrecallinvolveslex-
ical processingnechanisms.This work incorporatesa simple model of lexical processingand
a sequencenemorythatencodeghe serialorderof word forms asthey arepresentedo the lex-
ical system. The sequencenemoryis a specializedshort-termstore, correspondingoughly to
theworkingmemorymodel's phonologicaktore but with theimportantdifferencethatit doesnot
consistof slotsinto whichitemsareenteredrather it takessnapshotsf theactivationof linguistic
representationasthey occurin sequencén thelexical system(Gupta,1995;Gupta& MacWhin-
ney, 1997). This model offers an accountof word learning,nonword repetition,andimmediate
serialrecall, providing a concretizatiorof the notionthatverbalshort-termmemoryis intrinsically
linkedto lexical processingnechanismsAdditionally, the modelsuggestshatall threeabilities
depenccrucially on the strengthof long-termphonologicaknowledgein thelexical system.Thus
the mechanism®f verbal short-termmemory may themseles drav on aspectof the linguistic
system,ratherthan consistingof a slot-like isolatedverbal short-termmemory buffer storesor
temporarilymaintainstracesderived from a completelyseparatdexical system.A similar point
hasbeenmadeby Gathercoleet al. (1997), who notedthat the “phonological store” on which
immediateserialrecall,nonword repetition,andword learningrely is perhapdetterconceved of
asa systemwhoseperformancedependsn both a specializedshort-termsequencenemoryand
the activation of representations the lexical system. And asnotedabove, the presentfinding
of impairmentin theseabilities acrossa wide variety of lesionsalsosuggests distributedneural
system. Thus, althoughthe presentresultsprovide new evidencefor the fundamentahatureof
relationshipbetweenword learning,nonword repetition,andimmediateserialrecall,they do not
provide evidenceregardingthe detailsof the processingnechanismainderlyingthoserelation-
ships.

Finally, the presentstudy providesnew informationaboutthe prognosisfor developmentfol-
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lowing earlybraininjury. The overall patternof impairmentin word learning,nonword repetition,
andimmediateserialrecallconfirmssuggestionfrom previous studieshatdespitedevelopmental
plasticity, thereareprocessingleficitsfollowing earlybraininjury. Whatis encouraginghowever,
is the successhatthesechildrenachiese in acquiringa thoroughlyadequatéunctionaluseof lan-
guageasMacWhinng etal. (2000)alsonoted.Oneseemingparadoxs the experimentalgroup’s
lack of impairmenton the vocalulary measuregiven their impairmentin learningnew words.
Onepossibleexplanationof this is thatthe word learningtaskthatwasadministeredapsinto the
corecognitive processesf word learning;however, asnotedby MacWhinng et al. (2000),word
learningis highly overdeterminedfor instance,by well-structuredparentalinput, good educa-
tional supportandnurturantfamily ervironmentsandit is reasonabléo supposehatthe present
experimentalgroupbenefitsfrom someof these soasto achieze normalcontrolof languagevhen
measuredn overall functionaltermssuchasvocahulary level. In this connectionthe finding of
remissionof deficitsin nonword repetitionis encouragingsuggestinghatthe prognosisevenfor
online processingnay be favorable. It would be valuableto obtaininformation aboutthe time
courseof suchabilitiesbeyondthe agerangewe examined,into theteenageyears.

More speculatrely, the presentresultsmay also offer someinsightinto patternsof cognitive
impairmentfollowing brain injury more generally and even regardingdevelopmentallanguage
disordersin the caseof earlylesionsthereis areal possibilityfor remissionof deficitsasaresult
of developmentaheuralplasticity. It is thereforereasonabléo concludethatthoseabilities that
remainrelatvely moreimpairedarethe onesthatareeithermoredemandingpr lessamenableo
neuralreoiganization,or both. To the extentthatthe presentresultsindicatethat word learning,
nonword repetition,andimmediateserialrecall arerelatvely demandingasks,aswe have sug-
gestedthey may offer insightinto the frequentcooccurrencef impairmentsn verbalshort-term
memoryandin processinghovel phonologicalmaterial,in adult aphasicpopulationsas well as
in childrenwith specificlanguagempairment. Suchimpairmentsmay reflectthe breakdavn of
moredemandingognitive tasksunderconditionsof impairmentto theunderlyingprocessingbil-
ities, andindeed this view hasbeenadwancedbothin the caseof aphaside.g.,Martin, Safran, &
Dell, 1996),andin the caseof specificlanguagampairment(e.g.,Merzenich, Jenkins Johnston,
SchreinerMiller, & Tallal, 1996; Tallal, Miller, Bedi, Byma, Wang,Nagarajan& others,1996),
wherethis view hasled to the developmentof apparentlysuccessfutreatments. If this is the
case thenfurtherinvestigationof theseissuesmight have a bearingon programsof remediation
following braininjury.
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